INTRODUCTION
The Nubian Sandstone Aquifer System (NSAS) is an international groundwater aquifer distributing over Egypt, Libya, Sudan, and Chad in the Eastern Sahara of Africa. The area occupied by the aquifer system is about 630,000 km 2 1) . NSAS is considered as the main source of water for domestic uses and irrigation at the south region of the western desert of Egypt. The name of this region is New Valley governorate at which Kharga Oasis is its capital. Due to the recent increase of water usage from this aquifer, severe groundwater table depletion is observed at Kharga Oasis in the last two decades.
With the aim to construct a proper management system for the aquifer, hydrogeological condition and groundwater use in Kharga Oasis was firstly analyzed in the current study. Secondly, the spatial variation of groundwater table was analyzed as an indispensable factor in groundwater flow analysis. The biggest problem in the current study is arisen from the lack of available data which precludes understanding the pore pressure spatial relationships.
For this reason, Geo-statistics and Genetic Algorithm models were used trying to simulate the temporal pore pressure change at target points by analyzing spatial variation of groundwater table over the study area.
HYDROGEOLOGICAL CONDITIONS OF THE STUDY AREA (1) Geology
Kharga Oasis is one of the clusters of depressions locating in the south Western Desert of Egypt. It is bounded by the Eocene limestone plateau from the east and north. The studied area lies between latitudes 23° 55` to 26° N and Longitudes 30° 7` to 30° 45` E (see Fig. 1 ).
The NSAS is overlaying on rock basement complex and is composed of a series of mostly unfossiliferous formations 2),3),4), 5) . In Kharga Oasis, these formations are comprised of sands, sandstones, clays, and shales. Generally, the geological age of the Nubian Sandstone Series ranges from Cambrian to Upper Cretaceous 6) . 
(2) Hydrogeology
Thickness of Nubian Sandstone aquifer beneath Kharga Oasis ranges from 300m up to 1000m in some places 1), 7) . In the current study, Regarding to previous researches, water bearing layers at Kharga Oasis of the average thickness of about 700m was classified into four layers 7) . This classification is as follows: On the basis of this classification, Layer A refers to shallow aquifer and the other layers (layer B, C and D) refer to the deep aquifer.
ANALYSIS OF THE COLLECTED WELLS DATA
Two types of wells are considered in the current study, Recent Working Production Wells (RWPWs) and Observation Wells (OWs). As a first step of the current study, many reported data relating to water use were newly summarized.
(1) Groundwater Use
According to location of villages and the pumping wells served them, the studied area could be divided into eight subdivisions in the current study (see Fig. 2 ). After the allocation of the RWPWs and OWs on Kharga Oasis map as shown in Fig. 2 , it could be observed that the RWPWs are not uniformly distributed all over the area but concentrated at the eastern part of the study area. By summarizing the recent data as given in Table 1 , RWPWs are highly concentrated over the middle area of the northern part (Area3~Area5). In the current study, this middle area (Area3~Area5) will be named as M-region. As the general tendency, water extraction from the northern part of Kharga Oasis is larger than the southern part because of high population and irrigation activity there. . Figs 3a and 3b show the production zone locations (screen zone) for each RWPW related to the water bearing layers. In these figures, Ground surface (G.S.) considered as a datum (assumed zero level) and the boundaries between layers are displayed by horizontal line considering the average thickness of each layer mentioned previously.
From these figures, the distribution of RWPWs screen zone over the study area could be summarized as; 1) recently no extraction from shallow aquifer (Layer A); 2) 44.2% of the RWPW extract water from layer B only and the rest percentage extracts water from the other layers as given in Table 2 . Conclusively, recent groundwater extraction has only been from the deep aquifer (layers B, C and D). Q is the discharge from each well Fig . 4 presents the temporal change of total pumping rate from shallow aquifer, deep aquifer, and total discharge (sum of discharge from deep and From these piezometric contour maps, it could be observed that during the time span 1979-2005 the drawdown in the water level was around 25 meters in southern parts of the studied area and around 50 meters in the north part. This high dropping in the hydraulic head through this time span is mainly due to extensive increase of pumping rate in northern part than southern one. As a result, the general ground water flow direction is towards three points in the northern part P1, P2 and P3 as shown in Fig.  6a, Fig. 6a . From the comparison between the two figures, it's observed that the location of low pore pressure points (P1, P2 and P3) were moved to the east during the target time span and it could be as a result of drilling new pumping wells and excessive pumping out rate in the northern east part. Moreover, the pore pressure of P2 (located in M-region) is the lower pore pressure comparing with the other points P1 and P3. On the other hand, Area 8 has the highest pore pressure head in the study area. That confirms the importance of monitoring pore pressure of the northern part in general and M-region (Area3~Area5) in particular. 
ANALYSIS OF PORE PRESSURE CHANGE
Temporal and spatial variation of groundwater table is an important factor for implementing the optimal management of groundwater resources. Two models are suggested to make clear this spatial distribution of groundwater flow by analyze spatial relationships among OWs with considering the limited availability of data. These two models are statistical and linear regression models. For the first, the theory of regionalized variables or simply geo-statistics was used. Geo-statistics incorporates both the statistical distribution and the spatial correlation among the sample data. For the second, GA was adapted as a technique to estimate the optimized values of the linear parameters with considering robustness and high conversion of this method as one of the Soft Computing Techniques (SCTs). These mentioned two techniques quantify the spatial structure of the data and produce a prediction of pore pressure change at arbitrary points.
As targets in the current study, OWs o12 and o25 were selected as representatives for M-region and Area8 as lower and higher pore pressure regions in the study area respectively (see Fig. 2) . On comparing the simulated results of these models, the best model will be used for complement process understanding and can bring one closer to an answer that is useful in making rational decisions for groundwater management.
(1) Geo-statistics
In the current study, the goal of the geo-statistics is used for simulate the possible pore pressure of the selected target OWs (o12 and o25). This prediction can be interpolated from other points based on best linear unbiased estimation (BLUE) produced by the Kriging technique 9) . This technique is based on the sample data and on a model (variogram). Experimental variogram measures the average degree of dissimilarity between unsampled values and the nearby data value as presented by Eq.(1).
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At which h is the separation distance (named as lag) between the values at Z(xi) and Z(xi+h) and N(h) is the number of data pairs within a given class of distance and direction. Then, a suitable model is then fitted. Due to the limited number of available data and non-uniformity distribution of RWPWs, more than one model was used. In the current study three stationary variogram models were used; 1) Exponential model (EM); 2) Spherical model(SM); 3) Hole-effect model (HEM).
Hereafter an estimator with linear combination of measurements as given in Eq.(2) was used. λ (2) At which n is the given measurement of Z at locations with spatial coordinates x 1 , x 2 , . . ., x n . Then, estimate the value of Z at point x 0 by considering coefficients λ 1 , λ 2 , …λ n .
(2) Genetic Algorithm (GA)
GA is used in this study to estimate the optimum weight parameters (α i ) that well fit the measured piezometric head trend at an arbitrary point (See Eq.3). In this algorithm, each weight parameter in the regression equation is called as gene and the combination of genes (α 1 , α 2 ,… α n ) is called as chromosome.
(3) The GA process composed of three processes; 1) Generating initial chromosomes population: this process is for generating a number of chromosomes (PN) under the condition of that the sum of gene values of every chromosome equal unity; (4) 2) Selection process: this process is for selecting the best fit chromosome that achieves the pore pressure trend of the target wells. The selection technique used is Deterministic Sampling method 10) ; 3) Crossover and mutation: crossover process is to mix the genes of the selected chromosomes and mutation process is for maintain genetic diversity 
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from one generation of a population of algorithm chromosomes to the next 11) . Crossover and mutation are represented by two operators; crossover and mutation probabilities (CP and MP).
The previously explained GA processes are applied on a part of time serious data as a training phase of the model. The other part of data is used for resulting weights validation ( test phase).
RESULTS AND DISCUSSIONS (1) Geo-statistics Results
By using the available data of the OWs and their spatial coordinates, pore pressure for the target OWs (o12 and o25) could be simulated at a certain time using the three models mentioned previously (EM, SM and HEM). By repeating geo-statistics simulation process for each time, temporal pore pressure change could be produced for the target OWs o12 and o25 as shown in Fig. 6a and Fig. 6b respectively. Root Mean Square Error (RMSE) was used to evaluate the performance of the three models. From Fig. 6a , although the output trends of geo-statistics models give the general trend direction, good fitting is not achieved as RMSE values are considerably high. Moreover, Fig. 6b shows big difference between observed and simulated values with disagreement in the direction of general trend. These inconvenient results may be because of many reasons; 1) relation among points are based only on the distance values between them without considering temporal change; 2) missing data at a certain time period; 3) non uniformly distribution of both RWPWs over the area and high lag values between OWs; 4) complicated distribution of RWPWs screen zones regarding to water bearing layers.
The linkage between the target OWs and the surrounding OWs is an important aspect to explore and analyze spatial relationships. Fig. 7 shows a type of spatial relationship between OW o12 as a representative of M-region and the surrounding OWs having available data for year 1979. Regarding to the available data, the OWs which were used to simulate the measured pore pressure temporal change for year 1979 were 23 OW. From Fig. 7 , OW o12 was highly correlated with the OWs located in M-region, however, small negative weights values were found. Moreover, weights of the other regions had small positive and negative values. These negative values could be set to zero 12) . In the current study, geo-statistics simulation didn't produce clear spatial relationships with the far OWs as well as some of the nearby OWs. Consequently, under limited availability of data, geo-statistics technique does not produce a good simulation of the temporal pore pressure change and also does not produce clear spatial relationships among OWs.
(2) Genetic Algorithm Results
The available temporal data of the OWs was used as inputs to GA model to simulate the temporal pore pressure change of the target OWs o12 and o25 as shown in Fig. 8a and Fig. 8b respectively. From these Figures, for both training and test phases, the simulated and measured pore pressure trends are closely correlated at which RMSE value is close to zero. Due to the limited data, RMSE was calculated for training and test phases together.
The spatial relationships between OW o12 and the surrounding OWs are clearly illustrated as shown in Fig. 9 . Regarding to the available data, the OWs used for GA simulation were 16 OW. From  Fig. 9 , all the weights are in positive values and the target OW o12 was highly correlated with the nearby OWs located in M-region. Moreover, the relationship with the far OWs (Ex. Area8) is not negligible. Conclusively, GA model produced a satisfy simulation of temporal pore pressure with reasonable spatial relationships among OWs.
CONCLUSION
In Kharga Oasis, recent groundwater flow condition was studied using the collected data. Geo-statistics and GA models were used for groundwater flow analysis under lack and limitation of data and the following results were obtained; 1-Enormous pore pressure decrease by 50m was observed in the north eastern part of the study area within the period M-region Area6 Area8
